Introduction
Dryland is one of the natural resources for agricultural development, especially in increasing the production of food crops, horticulture and plantations in order to maintain national food needs. In Indonesia, 63.4 million ha of dryland areas have been used for agricultural lands [1] . In Aceh Province the potential of dryland for agriculture is still very wide, reaching 1,154,445 ha. In Bireuen District the area of dryland that has the potential for agriculture reaches 79,238 ha while the rest is non-irrigated rice fields 6,946 ha, dryland area is 46,761 ha, fields are 21,892 ha, and the land is 3,639 ha [2] . The main obstacle in utilizing dryland for agriculture is the low level of soil fertility caused by a number of chemical constraints that limit plant growth such as acidity and nutrient availability [3] .
According to Abdurachman, Dariah, & Mulyani [4] , the area of dryland generally has low soil fertility which indicated by low soil organic matter, low base saturation, and low nutrient availability. This condition is exacerbated by the limited use of organic fertilizers, especially for the annual food crops. In addition, naturally, the levels of soil organic matter in the tropical regions are rapidly decreasing reaching 30-60% within 10 years [5] . Carbon from organic bonds is generalized by microorganisms to carbon dioxide so that gradually soil organic matter decreases [6] , [7] . Another problem of many soils on dryland in a humid tropical region dominated by acid soils especially in the orders of Ultisol, Oxisol, Inceptisol, Andisol, and Spodosol [3] which are often called as acid mineral soils [8] . These soils are characterized by low soil pH (pH <6.5), low soil CEC, low cations content, and high phosphate fixation [3] . Sufardi, Muyassir, & Martunis [9] have reported that most dryland of Aceh Besar District has low organic C and total N, low base saturation, and low cation nutrient availability, although there are variations between soil types. Other studies show that there are also some soils on dryland that have low soil CEC and low P available [10] , [11] so that generally the quality is low. Research conducted by Husni, Sufardi, & Khalil [12] states that in some dryland it turns out that it has a high soil CEC (>35 cmol kg-1) and also has a very high available P (>40 mg kg-1). From the results of the study indicate that the soil chemical characteristics in dryland vary depending on the level of development and type of soil, climate, and level of soil management.
Although information about the constraints and soil fertility in dryland farming systems has been known, but the specific information on each type of soil and agroclimatic zone is still limited, therefore, to obtain data on soil characteristics and soil fertility there is a need for field observations to obtain data on soil chemical characteristics on dryland, so that the management is more appropriate [13] . According to Lakitan & Gofar [14] solutions that can be done to overcome the obstacles found in dryland in addition to finding alternative sources of water, the use of drought-resistant plants, effective and efficient management of irrigation systems, efforts to improve the quality and fertility of the soil are also important to be applied. This will succeed if the management is based on basic data from the results of the survey and laboratory analysis. This study aims to determine soil chemical characteristics and evaluate soil fertility status in some dryland areas in Bireuen District, Aceh Province.
Materials and Method
This research was carried out in Bireun District, Aceh Province (Indonesia). This study uses a descriptive survey method through field observation and laboratory analysis. Determination of soil type is done by observing and identify morphological of soil profile and diagnostic horizon characteristics. For this purpose soil samples were taken at each layer of the horizon and analyzed in the laboratory. To evaluate soil chemical characteristics and fertility status each soil type in dryland areas, at least 26 soil composite samples were collected from 26 sites of topsoil (0-20 cm) representing a range of soil types, and land use of dryland farming of Bireuen District, Aceh. These samples were analyzed for soil pH (KCl and H2O), electrical conductivity (EC), organic carbon (Walkley & Black method), total N (Kjeldahl method), available P (Bray II), cations and CEC (1N NH4-acetate buffered at pH 7), exchangeable Al and H (1M KCl extract), P2O5 and K2O (extracted with 25% HCl), and electrical conductivity (EC) measured by using EC-meter.
Identifications of soil type, soil morphology and soil properties of the sites based on two soil classification systems (the Bogor Soil Classification System 2014 and the USDA Soil Taxonomy system 2014). Interpretation of soil chemical properties is based on the assessment criteria for soil chemical properties and soil fertility status according to the Soil Research Centre (1983) [15] by using parameters of cation exchange capacity (CEC), base saturation (KB), total P2O5 and K2O, and organic C content.
Results and Discussion
The results of field survey at 26 sites indicated that dryland areas in Bireuen District can be grouped into six soil types i.e Podzolic Haplic (Typic Hapludults), Regosol Humic (Typic Udipsamments), Alluvial Dystric (Typic Udifluvents), Lithosol (Typic Udorthents), Gleysol Eutric (Mollic Fluvaquents), and Gleysol Humic (Typic Humaquepts) according to Indonesian Soil Classification (2014). This means that dryland areas of Bireuen District consist of three soil orders namely Ultisols, Entisols, and Inceptisols. Table 1 shows that the pH H2O of soils varies from pH 5.70 to 7.02 (slightly acid to neutral). Soil type with neutral pH was found on Gleysol Eutric, while other soil types (Podzolic Haplic, Regosol Humic, Alluvial District, Lithosol, Gleysol Eutric, and Gleysol Humic) were categorized as soils with acid pH. Based on these data it can be said that with the range of pH values above, in general, the soils on dryland areas in Bireuen District has a problem with soil acidity, so that in soil management it is necessary to add ameliorant which reduces soil acidity or by planting tolerant plants to soil acidity [16] . Although most soil types can be categorized as acid soils but based on the results of survey and analysis, no soil with acidic extreme pH or pH <4.50. This is also supported by the soil analysis which indicated low exchangeable Al (Table 2) . Furthermore, the pH KCl of soils from each soil type was lower than the pH value of H2O and the difference ranged from -0.85 to -1.37 pH units. This is an indication that the soils in dryland of Bireuen District have negatively charged because the negative values of pH are greater than -0.05 [8] . Comparison of pH values of H2O and pH of KCl between soil types is more clearly can be seen in Figure 1 . 
Soil Chemical Properties

Soil pH and exchangeable Al
Carbon and Nitrogen
Organic matter is an important component of soil especially on soils in the tropical region. In these areas most soil have low of organic matter. Because of this, the keep of organic matters in the soils is very important to retain of soil quality. Table 1 shows that organic C content on dryland in Bireuen District is generally low and ranges from 0.92-1.88% (very low to low), while the total N of soil varies from 0.15 to 0.29% (low to medium). This data indicated that one of the problems in dryland in Bireuen District are low organic C and low N. From the Figure 2 it can be seen that the lowest organic C was found at soil type of Alluvial District while the highest C was found on Lithosol and Gleysol Eutric. The low soil organic C because these soils are formed from sediment Total N (%) materials which are low of organic matter [12] . Soil organic matter content in these soil less 3%. Sanchez [3] states that some of the characteristics of soils in tropical dryland are low organic matter. The results of the study are not much different from those reported by Sufardi et al [9] at Aceh Besar's dryland which also has a low total C and N contents.
Figure 2. Total organic carbon (TOC) and total N in each soil type in dryland of Bireuen District
The content of soil organic matter reflects soil quality [6] because directly or indirectly can improve soil physical, chemical and biological properties [17] , [18] . In the humid tropical region, most soils low of organic matter and usually only ranges from 1-5% [17] . Therefore, efforts to maintain soil organic matter above 2 percent is highly recommended for tropical drylands [3] . Organic matter also functions as a source of nutrients especially N, because in this material the N content can reach 3-5% [19] .
P2O5 and K2O
Table 2 also shows that the total P2O5 content of soils in drylands of Bireuen District turned out to vary greatly in each soil type from moderate to very high, while available P varied from very low to very high. At Figure 2 , the highest total P2O5 was found on Lithosol and Alluvial District soil types, while the lowest was found on Podzolic Haplic and Gleysol Eutric. The highest available P was also found on Lithosol and the lowest was on Gleysol Eutric. The high content of total P2O5 and available P on Lithosol because these soils are categorizedas undeveloped soil which formed from limestone (carst) parent material. This parent material is estimated to contain an apatite primary mineral which high phosphorus [19] . The difference in the total P2O5 and available P in each soil type of Bireuen District can be seen in Figure 3 .
Furthermore, in Table 2 it can also be seen that the total K2O content in each soil type of Bireuen District's dryland varies greatly ranging from very low to very high, while the exchangeable K value in almost all soil types is very low (<0.2 cmol kg-1). Based on this data it can be said that even though some of the soils in drylands of Bireuen District have sufficient potassium stock in the soils, but the availability of potassium is very low. The low exchangeable K may be due to source of potassium in soil found as original minerals form which difficult to decompose, so this K source does not correlate directly with the release of K into the soil solution. Havlin et a [19] state that the availability of potassium in the soil depends on the climate, type clay minerals, soil moisture, and soil CEC. Therefore, to increase the availability of potassium in soil solution, it is necessary to add fertilizer and organic matter. Organic matter can act as a solvent for soil minerals by reacting with organic acids [20] , [21] . Figure 3 shows the difference in total K2O content and exchangeable K between soil types. The content of exchangeable K in the soils is relatively same between soil types, except on Regosol Humic that lowest exchangeable K content, because this soil has a lot of sand fraction which is low in potassium. Figure 3. P2O5 and K2O (25% HCl extract), available P and exchangeable K in each soil type in dryland of Bireuen District
Exchangeable Ca, Mg, CEC and Base Saturation
The results of laboratory analysis (Table 2) showed that the exchangeable Ca of soils in drylands of Bireuen District varied from very low to low (1.82 to 4.29 cmol kg -1 ), while exchangeable Mg also varied from very low to low (0.23 to 0.89 cmol kg -1 ). The highest values of exchangeable Ca and Mg were found on Gleysol Eutric soil type, while the other soil types of soil contained exchangeable Ca less 3 cmol kg -1 and exchangeable Mg of <0.5 cmol kg -1 (Figure 4 ). Based on these data, it can be stated that the availability of Ca and Mg is a problem in drylands of Bireuen District because these two elements become the limiting factors for plant growth. Mengel & Kirkby [20] suggest that Ca and Mg are macronutrients essential for plant growth. If one or both of these elements are in a limited (deficient) state in soil, the plant growth does not optimally [18] , [19] , [21] . Furthermore, Table 2 also shows that the value of CEC also varies between soil types from low to very high (16.0 to 43.4 cmol kg -1 ). Figure 4 shows that the high CEC values (>25 cmol kg -1 ) were found on Gleysol Eutric followed by Podzolic Haplic and Lithosol, while low CEC (<16 cmol kg -1 ) were found on Regosol soil types. Unlike the CEC value, percentage of base saturation (BS) in drylands of Bireuen District relatively similar between soil type and all of them are classified as low categories (11.6 to15.1%). Based on these data, it can be stated that the low BS value of the soil is one of the obstacles found in Bireuen dryland because this BS value reflects the number of exchanged base cations that occupy soil colloids [7] . This statement is also evidenced from this study which shows that the cations such as Ca, Mg, K, and Na in all soil types are included in the low category so that these values are correlated with base saturation values (Table 2) . However, the low BS and base cations on this land are opposite to the CEC value. Usuall, the CEC value of the soil is proportional to the KB value and the number of base cations [22] . This is presumably because the soils have properties as variable charged soils as a common feature of soils in the tropics [8] . Van Ranst, Qafoku, Noble, & Xu [23] suggested that one of the characteristics of variable charged soil is having amphibious colloidal properties. This property is characterized by mineralogical composition and soil organic matter [24] . Included in the soil with variable charge are Oxisol, Ultisol, Andisol, Spodosol, and Alfisol [25] . Table 2 shows that the exchangeable Na of all soil types in dryland of Bireuen District has low criteria (0.17 to 0.20 cmol kg -1 ), while EC value is included in the criteria of very low to low (0.07 to 0.21 dS m -1 ). Figure 5 shows that soil exchangeable Na is relatively not different between soil types and all have a value of <0.2 cmol kg -1 . This shows that the soil on the dryland of Bireuen District is not indicated by salinity properties because all soil types low EC value. Based on this fact, there is no effect of salinity in the dryland of Bireuen District. 
Exchangeable Na and Electrical Conductivity (EC)
Soil Fertility Status
The assessment of soil fertility status in each soil type in dryland of Bireuen District is presented in Table 2 . The table shows that soil fertility status of all soil types is low criteria because there are several limiting factors. The limiting factors found in each soil type are different, but each soil type at least has 2 to 3 soil fertility parameters which are low or medium categories. Table 2 shows that the limiting factors found in dryland of Bireuen District are: (1) low organic C, (2) low base saturation, and (3) low total K2O content. Organic C in the soil is very important to maintain soil fertility and productivity. Bohn et al. [22] stated that organic matter greatly sw Gleysol Humic Low Low High Medium Low Low CEC = cation exchange capacity; BS = base saturation; TOC = total organic carbon Status of soil fertility in dryland farming of Bireuen District of each soil type is low because has 2-3 limiting factors. These factors can affect soil quality and crop production. The main problem of chemical aspects is soil acidity, low of exchangeable Ca, Mg, and K, low total organic carbon (TOC) and low total N. The content of P2O5, K2O, available P, and CEC value of the soils are generally high, but the availability of K and base saturation are low. To improve soil fertility in dryland of Bireuen District it is necessary to add soil organic amendment in the form of organic matter, biochar, compost, and fertilizers. Further research is needed to examine the effects of soil amendment on soil productivity and crop production on dryland of Bireuen District.
